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and wherein the hydroformylation reaction products 
are separated from the catalyst system in a solvent- 
less evaporative separator. 
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a) a source of palladium, platinum, or nickel cations; 

b) a source of anions, other than halide anions; 

c) a source of at least one bidentate ligands of the 
formula 



R 1 R 2 M 1 RM 2 R 3 R 4 



(I) 



wherein M 1 and M 2 independently represent a 
phosphorus, arsenic or antimony atom, R repre- 
sents a bivalent bridging group containing from 1-4 
atoms in the bridge. R 1 and R 2 together represent a 
bivalent substituted or unsubstituted cyclic group 
whereby the two free valencies are linked to M 1 , 
and R and R 4 independently represent a substi- 
tuted or unsubstituted hydrocarbyl group or 
together represent a bivalent substituted or unsub- 
stituted cyclic group whereby the two free valencies 
are linked to M 2 ; and optionally 
d) a promoter; 

wherein the catalyst system is chosen such that - 
when a)-c), taken in molecular ratios of 15:1, are 
slurried at ambient temperature and atmospheric 
pressure with a liquid mixture of the unsaturated 
compound feed and hydroformylated product taken 
in a volume ratio of 2:1 - said catalyst system is sol- 
uble to an amount of at least 2 x 10' 4 mole of the 
cation a) per litre of said liquid mixture; 
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£ ™xi^ >" hydrco^ation processes, 

fins to aldehydes and alcotJTah^^ 

analogous processes by ^SZtSSSt Z 2T '"i, 3 "" ^ ^ 9enera " y be pre P ared «" 
at a double bond of the olefin * 6 hydrex ¥ 1 ^ mo,e, y to one of the «*<» atoms situated 

ently may be phosphorous arcenfc on222^Slf ?• Z , H ^ HM ^^- " "™<* M, and M 2 independ- 
are unsubstituledS m£!E2ZE££ SnTL ml b ~* en \ 0r 9 a ™ W and R<. R 2 . R 3 and R 4 

cydic group. These ligands can k^S^^^T^S^ ^ and R < Can farm a ^t 

US-A 5,488.1 74 a halkle aci?as a aSLT 1 \' Z ^^^ m ^°^°) ethane (BCPE). According to 
water acts as a *" ^ l ° US ^ SN 08 * 18 * 81 

SH ^ h^^ ^ «** *»"» — - sources. AcHs having a 

with the metals of ' thTpSnl o™ *k ? ^ ose an,0 "S are non<oordinating W weakly coordinating 

(TFMSA)h a sbee 0 nthe e £S^JK£KS? ^ *" '* <*«™ TrH.uorome,hanesu,phonic acid 

z^^t^^^^" rr tor (WFE) - 6x301,3,65 ° f s °^ ess «^ w 

a reactor) at the top of a vSSorL^ ^ ^ ^Tr* 0 " m6,h0dS ^ " m ' iquidS (SUCn as *• lk » uw leavin 9 

isneatJ.LowerS 
withdrawn) a. the bottom ^^^^ 

be advantageous to use a FFE 0 WE wlo^T , MT**- ^ ** 1ype d Separa,ion P f0cess - " «" 

.orthewJngfMd\^ 

Srat^sS° rmy,ati0n ^i 55 °' ^ M88 - 1 74 tas 001 heretofore been readily workable with a solventless 
SUMMARY OF TUP [NVENTjQN 
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a) a source of palladium, platinum, or nickel cations- 

b) a source of anions, other than halide anions- 

c) a source of at least one bldentate Hgands of the formula 



(I) 



45 



50 



unsubstituted cydic group whereby the two free vate are LtoW ^ 3 biV3lent 6ubs,itu,ed or 

a substituted or unsubstituted hydrocarbvl oro^ Z Z 2 W " dl8M • and R 3 a ^ R 4 independently represent 

r^*^^^ biva,em °- un — 

"Hated product taken in a wlunJ 'ratio"? ! SSS mT C ° mP ° Und <6ed and 
mole of the cation a) per litre of said liquid mixtur? ^ l ° a " am0Urt of at ,eas » 2 * 1 0" 4 

«^ 

Ej SSo?^^^ FFE and WFE 

DETAILED riFRr.pi PT ,o N QF THF IMWfcmn>> 

alyst in a solventless evaporative separator * the ° se P ara «" 1 9 taction products from cat- 

-cn-a^ 

adds with up to 1 2 carbbn atoms. paJadium JoSSS! <£2ES1 1" *J P,aBnum ° f pa " adium and cart x>*^ 
palladium combined wHh a solid n^er^cn^ a Z ' 9 " !? h C8 * 0n m0n0xide ^ ^etylacetonate or 

acetylacetonate are examples of S^^^ 

se^ed 3- -* o, r^ativoly low pofarHy are 

they wiil remain in solution even in a sTitS ^ratit w^ , produced ) to s "<* a degree that 

both of two ways. i.e. by selecting a Lteb^c?2S h^S? ■T" R ™* prindp,e ran be sa,is,ied <" ™Y °< 
0 which is .ess polar tnan Kpl^^i^^S^S^i^ TFMS ^r asMe lig L 

position, which combination acootd^tnVS^^J^i^ J"? BCPE {li9and > in one «*^« » 
nique is used for product separation is not !* C0mb ' natl0n of **• when the solvent extradion tech- 

therefore it is not a'ccording ^^fprientSenS " S0,Ven,,eSS ^ is — «* 

fS « u^^lS^^r th6Se be ^itahly acfos. or salts 

S^SK^^*^ 35 — «* ethane sulfonic add. pro- 

fonic acids such as peri.uoro octane S^SfSESSS " ? « ^ SU " 0niC ^ P erflo °"" a <«> alky, sul- 
^caci^boricackJder^ ^ SUCh 35 pen,a,luoro ben " ne 

a-so be used in conjunction with a Lew5 acfo Jet ^S^ff^S^ ^ 3ni ° n ^ may 

ta, Jo bentelJfrc S^fST"" 8 "** "* ^ PerfbW0 «*« «** a <* (PFOSA) and pen- 
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atoms are carbon atoms, but bivalent cvchc ««I£!£S^ X 0 ° UP C0 " ta,ns 8 rin 9 a,oms - ^ a rule, all ring 
nitrogen atoms, are not pr^S ExS el of Z?^ T° heteraa,onis in *• ** such as oxygen- or 

lene. 1.3-cydoheptylene. liJdSS? 1 t cyd,c groups are t.^clohexytene. 1.4-cydohepty- 
cydoc^ene^imethyt- M^SKi «SlSSJ^i l' 4 ^ 00 ?*™. LS-cydooctylene. 2-methy.T.5. 

is ethy,. 2"** or <* dic group, Examp.es are alKyl groups such 

groups such asphenyl a* JyTgrc u^c iSSLXST *?* T " ****** ^ ^"^9^, £y. 
wi* R 4 represents a "va.en^ ^ Pr *~«* R 3- ^ther 

R 2 . in which case the two free valenaesof ftSbSSiSSZ < ^ represented ** R i together with 
preferred bidentate ligands of tormufa , ,) ^TfSSS^SZSl ^ 0f " Ure t ,inkedtoM 2. '^teadof M v Thus. 
,o S^^^ 1. 2 -bis(1.5-cyc,oocty- 

Sarj^SSgt^ 

stituents. These substituents can be placed on tL Slir.L.^ ^ 8 CameS ° ne 0r more non P° ,ar ab- 

sented by R, and R 2 togetheran^/of^ny o R,t^t " ""^V" *" biValenl repre- 

cydic group represented by and R 4 togetheV when orle^ Z c °" the bivalent 

aryi. alkylaryt or aryla.kyl ^^^p^^S^^^T^ ,ndividuall K m ^ be «** cydoalkyl. 
atoms such as oxygen or nitrogen 7 10 3 ° atomS - 006 ° r more of which ««* °e hetero- 

S in " ^ inVenCOn ^ be PfePared in aCCOrtlanCe '«""' «■*"*"• such as those dis- 

amounts X^T^.'S^^J!" ^1 « hiS T ^ ^ ^ ^ limits. Usually 
o« ethy.enica.ly unsatura *d conlund ar 2S Theamn ^ 5 ' ° m °' e at0m * P ' atiflUm ««* metel P» ™'* 
iently selected such that per 22 2^1™ ^ participants in the cata.yst system are conven- 

'^reused, and from 0.5^ 
preyed that,^ 

Ss wh^r: cejiss^ 01 ^ «** co- 

des, such as triaryiaiky. phosphoniZ ^S^S^^ST^ r eXamPl6, " 0BnlC P hos P honiu ™ •»«■ 
ac*s e.g. 5 , nlorobe ^ 0 P c ac P 2.5^^"^^^^ as 
phthal.c adds and esters thereof are all suitable «°acoenzoic acid. 3.5-dwodobenzo.c acid, m-halo- 

(0032] The ethvlenicallv un^r^o^l the P fomot,n 9 ette « °< the halide promoter, 

carbon atoms P^S^T^S^S S2 ni™ " °' e,in ^ ,rom 2 «° 3 ° 

ferred are interna, olefins havino froT to SS^T ' ^ " 006 ° f nWe d ° Uble bonds mo,ecu| e. Pre- 
avai.ab.e. tor example as h r' 0r miX,UreS ,hef ^ Such °' e,in are commercially 

interna. o.e.inlwJh eZ Tca^TlTol ^l. the mvent,on these internal olefins, usually mixtures of linear 
myla.ed at high fates ana an afcS ^1 . ' c *** ' faCti ° nS ° f Such mixtures - «" be hydrofor- 
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-eric feedsj may &^SSt^J^ 8tr f ^ ** un83,uratad ^ 

Petroleum under the t radenamS W^S" and (e 9 ' p ^ ucts commercially available from British 

verted into interesting alcohols irtermLS to ZLr S ( ^ ene - b " ta f d,ene (^copolymers may also be con- 
such as 1 octene and propene ana dloSnt su* IS? 'T* 00 ^ additi ^. etc.). Alpha-olefins. 

diene n^y also.be used. 
hydroformylate^ 

Sof^^^^^ 

that they are readily pr^a^bsrtrin^heT^n,^ ^ T C0mbin6d other calal ^ components so 
cept. codistillation of anTsTem ^at is preset T^Tl^ ^ advante 9 e <^ «• of the FFE con- 
medium for the catalyst", t^^i^^J^SS ^ T^* "* dM 0rder ,0 maintain a 
of catalyst in solvent remains alerliSS ^SSSSSS . ' ^ 8 ° ^ 3 SO,ution 

hoi. this is a difficult attribute to wtiS Tha ^215 «K , k ? h 80016 68868 ^ Very ni 9" """A product alco- 
under distillation conditions SiSL oflSTj^^ ? ? 10 ""^ Com P°" e "' s thermally stabfe 
sulfoxide, and methyl teS^ 

peratures being in the rang o Ttotso -C R^? ^? ,50tO200 ° Carerecormended 'P«^ 
or higher pressures maTce s JedL 11,^ th8 13098 ° f 500 ,0 10000 kPa ara Purred. Lower 

require special equipment prSo^' ^ advaote 9 e ous. Moreover, higher pressures 

- r yst aH ,eave 1,16 reactor as - « 

falling ,i,m evaporators (FFE.) ^ J£SL eva^oS 1° """i* B " mpta,y °' SUCh ^P" 3 ' 0 ' 8 are 

embodiment, the separator is S^^SS^l °f - „ -! 0886 * the FFE ' which is ,he 0,051 Purred 
In general, the WftJ^SpSS fe ■ fS25T^ . ^ ^ 15 ° *° '° ,he She " p0rtion of 1,16 
cold surface in the midle Sle nSf 2255?" 1 ! I* ^ 0n the W3 " (t ° 6 816301 8hel » and a 
middle. The residence oTiS^^lSSS If °" * Wa " and condenses °n the cold surface in the 
most product alcohols itTs sat sfacS v tor SlS, ? " ,m ,. eva P orator * between about 5 seconds and 1 minute. For 
delating water. Howev^ S geraS ? * ^ 3 **" C00,in9 pr0Vided b * means °< 

I- boi4 point, a JE£SS£ ZZ^cS^^Jir th9 p f u ? a,coh0 ' has a relative,y 

vents mixing between the distilled oroduri »nrf ZTrfZ . , L, ° 9,6 seDara,or - A w eir at the bottom pre- 

[0040] The .nvent.on will be illustrated by the following examples. 



Examples 



50 •;?«*"• sep3f3tor - ,od66d - » i8 

above. cTtalys! so.ulns S^SS^T"*" " ^ *" °' ««— d ^beo 
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Catalyst 


Pd Acetate (grams) 


Ugand (grams) 


Acid (grams) 


Anisole (grams) 


A 


0.173 


0.310 


0.673 MSA 


19.9 


B (comparative) 


0.217 


0.367 


0.661 TFSA 


24.9 


c 


0.174 


0.311 


0.176 MSA 


20.0 


D 


0.0879 


0.159 


0.667 MSA 


19.9 


MC5A = MethanesuHonic Acid " - J 

TFSA = Trtfluoromethanesulfonic Acid 





^ o^ss^sssrs^ b, *" hM **** ^ 

[0045] All percentages are on a weight basis unless othe.wise ideated. ' ""»«"«■ 

Example 1 

analysis of fte pSrt alcohol^^A " 'S3? 1 ? n<,eCa " e (aS 80 ^nal standard tor gas chromatographic 

was pJ^^tXS^S^ZSS^ TV °? he aUt ° daVe - Af,er bei " 9 ,,Ushed the au ^ ve 
•C. The reaction was w£Z bl22£ i^T^ 3 m °' ar 13,10 ° f 2:1 to 3 pres$Uf 6 of 690 kPa and heated to 1 05 

E t0 ^"r^* IT 6 Z aCb ° n the en8re pr0dUCt mi,rture was distilled * » rotary evaporator which was 
^^^SSSTXSSS a " 0< *■ aniS0,e " Water ' and unreacted oi™ 

P^^^^X^^SI Was 2 3 r an0 '- ^ maten * a ' in the -e-porated 

«n had reacted, ™hT^^^^ 

Sano^ 30 (59 8 9) W3S retUmed 10 thG -** aut0clave - 4.80 g. n<tecane 3 42 g and 

:r 0 f 2 " o 3 P ?essTeS^ 

Predom.nant.y aceta.s of isononanot and isonony. akfehyde. and the balance formed 
[0049] The unevaporated product (98.5 g) was returned to the batch autoclave Water 4 80 o n^lecane s 4? „ anH 

Pleted as before, and the product was distilled. The overheads contain water, n^ecane. and 'JZESZXZ. 
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ride). It was determined £ '£ *Z£SS ' 7^^°™ **• Mr09en ***** and «*«™ chlo- 
reacted. 1.54% formed o^|£S?5E^ SS h??* ° ,efin had feaC,ed - <* * e ole,in *** 
isononyl aldehyde, and the b^£^£^^ W * ^ ~ P^°™ a "«X acetate of isononano. and 

and 2.42% molar. For the final iteration hSw Int Pa^WnJormed .n each Cycle was 1.49. 1.66. 1.53. 1.49 

was no evidence of plating c7 S Z ^S^STf ^ * ^ 0< the produc1 - ^ 

ZTX e ^r^--^ and elemental analyses -*~ «»< 

S ^ ac,d/P ^^°("'o'eAnole)was 9 throughout the example. 

and heavy ends. ° * empl °y n 9 a Fur ther. the process results in very low make of paraffins 

Example 2 

reacted o.efin, 0.6% lo^S^^J^S^ 95 5% °' th6 ^ had reacted °< * he 

anol and isononyl aldehyde, and the balance formed isononanol S ^ predomina " tly aceta| s and isonon- 

KLSlSSSS S?!^St d ^ -f- continued for 4 more cydes. The olefin conve, 
mo.ar. For the final experiment hea j 2^2£J£S h" 162 ' ist - 186 ' a " d 183 % 

evWence of plating of pallium m^XSSTJ^SSf * ^ " ** "** ^ *~ ~ 

S 5S 3Cid/P< ? f 0 < mo,e/mole > «*» 9 throughout InT example. 

aff ins and heavy ends. yar ° T ° rmylat,0n process employing a FFA. Further, the process results in very low make of par- 



Example 3 ( Comparative.} 



3.50 g water. 4.50 g of an a.ueous solution of sodium chlo- 
analysis of the product alcohol) CaWysT wis 252 ft" ' ntemal ***** 935 

was pressurised with hydrogenaS^Z^- ? aUt0C,aVe ' After ° eing flushed ,he aut0 ^ve 

•C The reaction was JSSi!SS£^S7!?Z " 2 Tr° *? * 1 * 3 PfeSSUre ° f 690 kPa and heated <° 105 
ca-toon monoxide in a nWmfio o I ? XI £2 8 ,S0m9r ' sed 0,e,,n ,nto the auto ^ v * using additional hydrogen and 
by gas chromatographT anaT^ h a 9^4% o T/" 0 "J* h ^ eXamp ' e ab0ve ' « was determined 

octane, lesstha^l?^?^^: 4 ^ 1*°^ 7**' °* ^ reaC,ed - 1 25% fo ' med 

the balance formed isononanol ^ predom,nan «y ace ^s of isononanol and isononyl aldehyde, and 

stTmea™^re n 96 ^st^^T^ '"T* * 2 ^ C ^ eS — 

Sngl^~^^^ — ^ - hydration process 



Example 4 



analysis of the product ateohi^ZSc225S^T T , ft ^ ' nternal $tandard ' 0f 9as ^^matographic 
was pressurised with hydrogen an^ c^ 

•C. The reaction was InSaS l^ MeaTu9 s Tr Z °' ^ * 8 PreSSUre °' 690 kPa and heated * «5 

cartoon monoxide in a motefratic of T XI ^i * ^ ' n, ° ^ aUt ° C ' aVe additional ™« 

by gas chrornatographTanaT^s °5£» " STS? "k!, 5200 kPa " ^ h ^ GXample above " rt «" da ' a «™'^ 
octane, less thai , l?fc^ 'SJ wSiSS!^ f* 4 01 ^ 0,6,10 1 25% ,0rmed 

the batence lormed isononanol predom.nant.y acetate of isononano. and isonony. a.dehyde. and 
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signKican, plating o( pa.lad um Sad occu^ Tat tnSXT, 9 ° * fiWl reaction, 

dium had plated. occurred, as conf.rmed by elemental analysis which revealed that 62% of the palla- 

E ™! ! Cid/P< ? (mo,e/mo,e > " as 2 -3 throughout the example. 

bUity and viability.of the process * and m ° fe preferab,y 9 reater than " to' long-term sta- 



Examnla S 



— ^^^^^ 

graphic analysis of the product alrohol) Catalyst D was addJ EE f ( f f n ' n,efnal for gas chromato- 

autoclave was pressurised with rwdrogen and^n^m^ h ° ( the aut0dave After b «"9 flushed the 

heated to ,05 -C. The reaction JSSL*S "X f ,9 of NEODpS^ * 3 Pmmn * 690 kPa and 
1 10 -C into the autoclave using additional hydroolnlnScJmf ^ !? 11 12 brand olefin which was heated to 
5200 kPa. Additional hydrogen and ^cn^S^^r^^^^^ 2 ^^^^ 
to replace the gas consumed in thereaTo^^ 

the reaction, the contents wer andT S^S^* °' 7°. * a " ^ Upon com P le «°" °< 
was heated to ,55 «C. The va^^'adtsTi so h a T™ T? T 3 ^ ,i,m eva P° rator 

head. This overhead product cor^n^ vfrlS al^ 1 60% b * <* *e contents distilled over- 

ance (up to 60% of lhTo^2SSSS2 S^SolS^t^ 6 ' ^ ° ,e,i "- bal " 

the unevaporated product was C12/ 13 aSa^cauS >(^>TJ ? % S^** 1116 ma,erial remainin 9 
gen chloride, and sodium chloride) tt deSmS* ^ 0* Wwm. organophosphme. methanesulfonic acid, hydro- 
readed. Of the olefin which reacS o yT^^ f C ^ omato 3 ra P ni c analysis that 99.6% of the olefin had 

C12/13 a.coho.. ' °- 75% f ° rmed Paraff less ^ 1% form «* "heavy ends", and the balance formed 

and NEODOL 23 alcohol (44.4 g> wTs J^SJSil added Wa,er ( 240 *>■ n-Wdecane (3.40 g). 

oxkfe in a molar ratio of 2:\ to a^^^ W™ 9 ™ a " d «*» «»"■ 

9 NEODENE ii 1 2 mixed olefin !S^2J^Tfo^^ r . *" by injeCt ' n9 90 2 

monoxide in a molar ratio of 2:1 The «3«I2?£^2L£ J « ^ US ' n9 addih ' 0nal hydr0 9 en and cart30n 
evaporator. The overheads contained waS n WdZ? ^ Pr0dUCt ^ disti,,ed in ^ ^ « m 

reactor charge) was Cl^S^KTS^^^yT^ ^ ^ ( " P t0 60% ° f 

alyst (palladium, organophosohine , m2^S? ^"'"3 "evaporated product was C12/13 alcohol and cat- 



Claims 



a) a source of palladium, platinum, or nickel cations- 

b) a source of anions, other than halide anions- 

c) a source of at least one bidentate ligands of the formula 



r'r'm'rmWr 4 

c^«c „,«,' — «,iss£:52si disss' iess: ° r 

resent a substituted or unsubstrtuted hvrW*,Kwi _ 7 " to M , and R J and R independently rep- 
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d) a promoter; 



hydrofor.^^ 

2x10- mole of the cation a) per litre of said liqui mixture ^ ^ " S °' Uble ,0 an am0Unt °' 31 least 
^Ve h sia^ my,a,i0n reaCfon Pf0dUCte are S « *•» ■» ca.a.yst system in a sotventless 

3. A process according to Cairn 1 or 2. wherein the source of anions b) has a P Ka value of .ess than 3 

5 ' ^:io^ZT im 4 * Whefein S ° UrCe 0< «*" b) h8S a **■ P*« at atmospheric pressure of 

20 6 - 2s :ss£2E5 "aCitnts^r 00 ,rom group <* —* «** «* 

alkylated versions thereof ' perfluonna,ed adds, boric acid derivatives and 

8. A process according to any one of daims 4-7. wherein the bidentate ligand c,is 1 . 2 *is(cyc.ooctytenephosphino, 
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